Background. Poverty alleviation programs for the extreme poor improve participants' economic status and may impact other important outcomes that are seldom evaluated. A program targeted to the extreme poor by BRAC, a development organization in Bangladesh, has been successful in significantly alleviating extreme poverty.
Introduction
The prevalence of undernutrition in children under 5 years of age in Bangladesh is much higher than the average prevalence among low-and middle-income countries [1, 2] . The percentages of children suffering from moderate to severe underweight (weight-forage < -2 z-scores), thinness (weight-for-height < -2 z-scores), and stunting (height-for-age < -2 z-scores) are 41%, 17%, and 43%, respectively [3] . The high proportion of women between 15 and 45 years of age with short stature (147.9 ± 5.2 cm; mean stature at first percentile of international reference) and low (< 18.5) body mass index (BMI) (38.8% in rural and 29.7% urban poor) increases the risk of intrauterine growth restriction (IUGR) [2, [4] [5] [6] . Such growth restriction in utero or stunting in the first 2 years of life causes irreversible damage to the growth and development of children, resulting in shorter adult height, lower attained schooling, reduced productivity in adult life, and poorer pregnancy outcome [2, [7] [8] [9] . Furthermore, thinness, stunting, and IUGR contribute to a large percentage of deaths and disability-adjusted life years (DALYs) lost, emphasizing the need for intervention during pregnancy and in early childhood [2] .
Inadequate access to resources due to poverty is the basic cause of undernutrition in women and children [10] . Challenging the Frontiers of Poverty Reduction-Targeting Ultra Poor (CFPR-TUP), an initiative of BRAC (formerly known as the Bangladesh Rural Advancement Committee), directly intervened on extreme poverty in rural Bangladesh, and has significantly alleviated poverty among the poorest of the poor and enabled them to participate in the microfinance market [11] [12] [13] [14] . The program is designed to support women of extremely poor households by providing income-earning opportunities, strengthening sociopolitical livelihoods, and building self-awareness and self-confidence. The resultant benefits of the program potentially relevant to nutrition are decreased food insecurity, increased food consumption in both quantity and quality, improved health-seeking behavior, and increased ability of women's health-related decisionmaking [11, [15] [16] [17] . It is, therefore, possible that the program may also improve the nutritional status of women and children in extremely poor households.
Improving the nutritional status of women and children would further contribute to the cost-benefit and cost-effectiveness of the CFPR-TUP program and rationalize the need for supporting the expansion of such programs. This study investigated the impact of the program on the nutritional status of women aged 15 to 45 years and on children under the age of 5 years. We hypothesized that women and children who participated in the program would have improved nutritional status compared with nonparticipants.
Methods
The CFPR-TUP program selects households through a multistage process, based on socioeconomic condition and availability of women eligible to earn income. The women of the selected households receive incomeearning assets, subsistence allowance, and training on basic entrepreneurial skills. The program closely supervises the income-generating activities of each woman for a grant phase of 18 months, after which the participant women are expected to graduate from the CFPR-TUP program and join the conventional BRAC microcredit program. The program also strengthens participants' sociopolitical livelihood by building awareness and self-confidence as well as by advocating local-level service-oriented institutions [18] .
Study design and sample size
The study was conducted in Rangpur, Nilphamari, and Kurigram, three northern districts of Bangladesh where the CFPR-TUP program started in 2002. The BRAC Research and Evaluation Division (RED) collected baseline (2002) data on anthropometry and a set of demographic, health, and socioeconomic variables from children aged 6 to 60 months and women aged 15 to 45 years [11] . Data were collected from all households in one-third of randomly selected villages from each of BRAC's 38 area offices that were operating in these three districts. About an equal number of control households from each village were also included in the baseline survey. The control households were initially selected by BRAC for consideration in the program but were later excluded during the multistage selection process.
For this study, we collected demographic, health, nutritional, and anthropometric data from July to September 2006 from women and children of the same age groups as at baseline. The majority of the women included in this study were the same women from whom data were collected at baseline. The children surveyed in 2006, however, were not the same individuals; all children who were aged 12 months or older at baseline were past the age of 60 months in 2006. Also, the women sampled in this study were not necessarily the mothers of the children surveyed. As a result, no data on mother-child pairs were available for the analyses. The data were collected from all program and control households that had at least one child between the ages of 6 and 60 months. The households were selected from 159 villages, randomly selected from a baseline village list of 446. Data were collected from 1,971 households at baseline, from which 2,468 children and 1,894 women were available. In 2006, we surveyed 1,438 households and achieved samples of 1,663 children and 1,657 women.
Three characteristics made our study a nonequivalent control group, pre-and posttest quasi-experimental design that was longitudinal at the village level. First, anthropometric data from women and children were available from program and control households at baseline and in 2006. Second, comparing a new cohort of children with that at baseline and the matching of program and control households within each village made the design longitudinal at the village level. Third, exclusion of control households for program participation during the selection process meant that the control households were economically better off than the selected households, adding nonequivalence to the design. The first two characteristics allowed for differences at the village level in anthropometric status between program and control children in 2006 to be examined while accounting for baseline anthropometric status in two analyses, a repeated-measures analysis in which villages were considered random effects and a double-difference analysis in which villages were considered fixed effects (i.e., village differences from baseline to 2006 were compared between program and control).
The sample sizes needed for adequate power were calculated based on means and standard deviations derived from the height and weight of women and children at baseline. A power (1 -β) of 90% with α of 0.05 was used to determine the adequacy of sampling for each of the outcomes. Assuming that the program's effect on the outcome variables could be either positive or negative, we used a two-tailed test to calculate the sample sizes.
Data collection procedures
Eighteen interviewers were selected from a pool of 24 female university graduates and assigned to nine groups for data collection in 2006. Both in-class and field training were provided to all 24 interviewers for a period of 3 weeks on the administration of the survey form and anthropometric data collection. The training was conducted by an experienced BRAC trainer and the first author. Day-long refresher training was also given at a field office after the interviewers were sent to test data collection for a day on program households not otherwise participating in the research.
Three field supervisors, one in each district, were assigned to provide assistance to the interviewers in data collection, logistics, and cross-checking of questionnaires. All field activities were monitored by a field manager highly experienced in conducting surveys. The interviewers were in frequent communication with the field manager and the first author through cellular telephones to instantly resolve any field-related issues.
Demographic and socioeconomic information was collected with the use of a pretested survey form. Wooden length/height boards were used to measure the height of children over 24 months of age and recumbent length of children 24 months of age or younger to a precision of 1 mm. The weight of the women and children was measured to a precision of 100 g using Uniscales manufactured by SECA (Clara 803).
Prior to each interview, informed written consent was obtained from each woman aged 18 years or over. The parents or legal guardians signed the consent form for children and for women below 18 years of age. The study protocol was approved by the Bangladesh Medical Research Council, Dhaka, and the University Committee on Human Subjects, Cornell University, USA.
Data entry and preliminary cleaning were done by a RED data entry specialist. Further cleaning was done by the authors.
Statistical analysis
A data set that was longitudinal at the village level was created by concatenating baseline (2002) anthropometric data from women and children and other relevant variables to the 2006 data. Children's anthropometric data were analyzed separately for four different age categories under the assumption that children of different age categories had different lengths of exposure to the program ( fig. 1) and that there would be differential biological susceptibility to the intervention. Height, weight, age, and sex were used to calculate weight-forage, height-for-age, weight-for-height, and body mass index (BMI)-for-age for each child. The standardized scores (z-scores) of these variables were derived from the World Health Organization (WHO) child growth standard using WHO Anthro (version 2.0.2) [19] . The BMI of women was calculated by dividing the weight in kilograms by the height in meters squared.
All outcome variables were tested for normality. A non-normal distribution was observed only in women's BMI scores; logarithmic transformation was used for the multilevel analysis, and means and standard deviations were reported on the untransformed scale.
Linear mixed (random-intercept) repeated-measures models were used to account for the clustering effect of districts, area offices, and villages in measuring the effect of the program on all outcomes 4 years after the program began. After preliminary analyses, however, we excluded districts from the model because little variation was found among districts. Inclusion of districts also made the models less efficient and did not change any of the results. Area office and village were used as random-effect variables in the models.
Having repeated measures at the village level refers to the self-adjusting nature of the design and obviated the need to control for demographic and socioeconomic covariates. In the analyses, therefore, we only controlled for biological characteristics that are strong determinants of growth performance in children (height, age, and sex) and of nutritional status in women (height and age). Height was not added as a covariate in the model where the dependent variable was height-for-age. In preliminary analyses, we also tested the models controlling for height-squared and age-squared but found no effect of them on the overall results. Although the standardized scores of weight-for-age, height-forage, weight-for-height, and BMI-for-age theoretically control for biological characteristics, when used in the initial analyses, age and sex were found to be significant determinants of all child growth outcomes, and height was a determinant for weight outcomes. Similarly, in the model analyzing women's BMI as an outcome, height, age, and logarithm-transformed age of women were found as significant determinants of BMI. Therefore, these covariates were included in the regression models. The final analyses included the interaction between program and time, which estimated the difference between the program-control differences at baseline and in 2006. Thus, the final analyses modeled anthropometric outcome as a function of area office and village as random effects and program, time (year), the product of program and time, and covariates (age, sex, and height) as fixed effects. These models assumed that the random effects were not correlated with the fixed effects; this assumption likely holds because the program assignment was made by BRAC and anthropometric outcomes were compared within villages over time. But, as a robustness check, we also ran double-difference (fixed-effect) analyses on the data aggregated to the village level that did not require this assumption; the findings from these analyses confirmed the findings from mixed-effects analyses [20] . All analyses were performed with SPSS WIN 15.
Results
The mean weight, height, and height-forage of both program and control children improved from baseline (2002) Weight-for-age improved in the older two age categories of program children and the younger age categories of control children.
In general, as expected, program children of all age categories were worse off than control children, showing lower means in all variables at baseline (2002) (table 1). The mean raw height and weightfor-height z-score in program children aged 6 to 11 months, however, were marginally higher than those of the control group. Two years after the 18-month grant phase of the program was over (2006), program children aged 36 to 60 months became better off than control children in weight, height, weight-for-height, and BMI-for-age. Children aged 24 to 35 months were also better off in weight, weight-for-height, and BMI-for-age, whereas children aged 12 to 35 months improved only in height. Program children aged 6 to 11 months, however, were found to be worse off than control children in all measures.
The unadjusted means show that the BMI scores of both program and control women deteriorated from baseline to 2006, although improvement was observed in weight and height, relatively more in the latter (table 2). The program women were worse off than the control women both at baseline and in 2006. No significant difference was observed between the groups at any time point.
From the linear mixed analyses, both at baseline and in 2006, program children of all age categories were worse off than control children in mean height-for-age z-score (table 3 and fig. 2) . The difference between program and control children decreased in the younger age categories (6 to 11 months and 12 to 24 months), whereas the difference increased in the older age categories (24 to 35 months and 36 to 60 months). We did not find any significant interaction of program and year, meaning that the program did not have any effect on height-for-age.
The mean weight-for-height z-scores of all age categories showed that, at baseline, the program children were thinner than the control children (table 3 and  figs. 3 and 4) . A significant (-0.32 z-score, p = .01) program-control difference was observed in the age category of 24 to 35 months. In 2006, program children aged 24 to 35 months and 36 to 60 months became better off than control children. The difference of differences in children aged 24 to 35 months of -0.35 was statistically significant (p = .05), indicating an interaction between program and year; the difference of differences was also statistically significant (p = .03) in the double-difference (fixed-effects) analysis. Therefore, the improvement in mean weight-for-height z-scores found in this age category was an effect of the program.
Considering within-group changes from baseline to 2006, both the program and the control children, in general, improved in height-for-age and deteriorated in weight-for-height (table 3 and figs. 2-4) . The older children gained less in height-for-age over the years than the younger children. Because of a better nutritional status than all other age categories at baseline, this group in 2006, however, was not different from the children aged 12 to 35 and 36 to 60 months. On the other hand, although the children aged 6 to 11 months improved as much as did children in the other age categories, they moved from moderately stunted to mildly stunted status in 2006 because of a better start at baseline.
The increase in thinness was significant (p < .01) in all age categories of the control children except 6 to 11 months (table 3 and fig. 3) . In contrast, with the exception of the age category 12 to 23 months (p = .01), we did not find any significant baseline-to-2006 change in the program children.
We found no significant program-control difference at baseline or in 2006 in women's anthropometric status expressed as BMI. Neither group showed improvement from baseline to 2006. Running separate models with women's age categorized into different groups also did not show any differences between program and control subjects or over time (table 3) .
Discussion
This study investigated the effect of the CFPR-TUP program on the nutritional status of children under 5 years of age and women aged 15 to 45 years. Our primary interest was to estimate the differential impact of the program on thinness (weight-for-height) and linear growth (length-or height-for-age) in different age categories of children 2 years after the end of the grant phase of the program. These two indices refer to the short period of weight loss and the chronic interference of growth in the children, respectively, and helped us to explain the differential effect on child nutritional status due to variation in the duration of exposure to the program [21] .
Poverty is the basic determinant of child undernutrition. Undernutrition, however, is distal to poverty in the causal pathway. The link between the two is complex and is influenced by underlying causes that include food security, resources for care, and access to health, water, and sanitation services at the household and community levels [10] . The CFPR-TUP program improved food security and provided better access to health and sanitation services [15, 16] . It is also likely that women who were more empowered due to the program had more access to resources and therefore dealt with illnesses in the children better [22] . Nevertheless, anthropometric outcomes are influenced by factors other than poverty [23] .
At baseline, program children aged 24 to 35 months were significantly thinner than control children. The CFPR-TUP program ameliorated this gap by significantly reducing thinness in program children relative to control children from baseline to 2006. In general, weight-for-height deteriorated in both groups, but not significantly so in the children of program households. We also found that, except for the age category 36 to 60 months, height-for-age significantly improved in both program and control children from baseline to 2006. No difference between households was found in the nutritional status of women measured as BMI.
We conducted the analysis with children in four age categories for two reasons. First, the growth of children in different age categories is differentially susceptible to intervention or insult [24] . Children in developing countries are born with heights close to the 50th percentile of standard growth charts, but their heightfor-age begins to fall precipitously some time during the second to the sixth months of their lives [25] . A similar pattern is seen in weight-for-height, particularly [26, 27] . Second, the CFPR-TUP program grant phase was operational for 18 months beginning toward the end of 2002. Children of different age categories, therefore, had different periods of exposure to the grant phase of the program ( fig. 1) .
Most of the children in the age category 24 to 35 months were born or were in utero during the grant phase. Compared with children in the other age categories, children of this age, therefore, received more benefits of the program during their critical stage of growth and development that started in their mother's uterus [8, 28, 29] . Children who were born during the few months following the end of the grant phase of the program also benefited from their mothers being in the program while pregnant [30] [31] [32] . Previous studies on CFPR-TUP showed that, although the control households increased food consumption compared with their baseline status, the program significantly improved energy and nutrient consumption in children and adults of program households both compared with their previous status and compared with that of the control households. The improvement was in both macro-and micronutrients [16, 33] , perhaps leading to better pregnancy outcomes and healthier children in their early lives [34] . The program also improved the participants' food security, household purchasing capacity, access to healthcare, and health-seeking behavior [15, 16, 35] . Better nutrition and access to healthcare for the program children may also have resulted in better immunity and resilience against morbidity [36] . Therefore, it was reasonable to find that the program children of the age category 24 to 35 months had better nutritional status (anthropometric outcome) than the control children. To ensure that the program-control difference in the age category 24 to 35 months was not due to an anomaly in the data, we did a thorough investigation by looking at height and weight data of children grouped by age in months. No anomaly in the pattern was detected.
Compared with children in 2002, both program and control children in 2006 were taller and thinner across all age categories. The difference was smaller in the oldest age category than in the other age categories. There are two possible explanations for these differences between 2002 and 2006: differential measurement of length and height and change in underlying conditions. Differential measurement is not a likely explanation, for two reasons. First, the same measurement training methods and protocol were used in 2002 and 2006. Second, if interviewers performed poorly in one of the two years, we would expect opposite effects on accuracy of length (measures too small) and height (measures too large), but this was not observed. The likely explanation is change in underlying conditions. During the period around and after 2002, it is apparent that the underlying economic and food situation improved in the overall study area, resulting in improved pre-and/or postnatal linear growth [37] . Rapid change in height-for-age accompanying changes in underlying conditions has been previously demonstrated [22] . The differences between 2002 and 2006 in weight-for-height could also have been due to a short-term event (e.g., food shortage, morbidity) that occurred shortly before the 2006 data collection.
In relative terms, both program and control children in 2006 were taller across all age categories. In the oldest age category, the effect was small compared with the other age categories. Weight-for-height showed the opposite trend. On average, these children are getting taller in these communities and they are also getting thinner. In both instances, the time-dependent magnitude of both changes is greater than the differences across the program-control gaps for either index. Nonetheless, the aforementioned divergent phenomenon is consistent with the idea that if the increase in height is at a faster rate, then weight increases relatively more slowly. Although the difference was not significant, the program children started being worse off in height-for-age than the control children at baseline (2002) and the program-control difference remained the same, although both groups improved over the years. Theoretically, the overall reduction of stunting and the increase in thinness at the village level could be due to a variety of reasons. First, it is expected that there had been increased economic activity in the village due to the program's income-generating activities leading to a better economy at the village level in general. There could also have been other national-level programs or policies that improved the overall socioeconomic status and food security. These factors may have led to the improvement in height of the children [37] . Second, there could have been a short-term event (e.g., food shortage, morbidity) occurring shortly before data collection that differentially affected program and control children in weight gain. Such events could not have affected the height of the children, as reduced height gain is a result of chronic detrimental effects. Third, although we found no difference between program and control women in measures of BMI, evidence shows that the micronutrient status of the program women could have been better than that of the control women [33] , leading to better pregnancy outcomes and healthier children in their early lives [34] .
The CFPR-TUP program has been highly successful in targeting the extreme poor and had shown sustainable benefit to the participants in economic, biologic, and human terms 2 years after the intervention was over. This study provides further evidence that if implemented well, an economic intervention program directed to the poorest of the poor may improve child nutrition and ensure further sustainable gain in productivity of households in future. This provides a strong argument for evaluating poverty reduction programs, particularly those targeted to the extreme poor, beyond economic terms, and for mobilizing internal and external resources to further support such programs.
